The Envelope Equations

Introduction
The dynamics of an MeV-energy electron beam injected into the atmosphere from ionospheric altitudes was studied by Banks et al. [1987] and Banks et al. [1990] . The motivation behind the study was the realization that linear accelerators (5 MeV) were small enough in weight and size to be flown in space. While this early effort did not include magnetic field effects on beam propagation, the importance of magnetic field focusing effects was identified. The problem was simply stated: without a magnetic field, the beam undergoes radial expansion due to collision processes, which dramatically reduces the expected level of atmospheric perturbation.
Continuing the work by Banks et al. [1990] , this pa- The envelope equations are closed-form analytical expressions describing the envelope of electron beams as they propagate in complex field geometries and undergo collisional interactions with ambient neutral gas and plasma [Humphtics, 1990] 
Monte
Carlo Simulations
Two distinct transport algorithms have been applied. In one instance, the EGS4 program, which has been used extensively and thoroughly benchmarked by both the high energy physics and medical physics communities, was employed [Nelson et al., 1985] . EGS4 uses the condensed random walk transport algorithm in which a particle's full transport path is broken into roughly a hundred segments. Aggregate deflection and ionization through each segment is assumed to be described by analytically derived distribution functions, and the full particle path is modeled by successive application of appropriate segment-wise scattering distribution data. As a means of verification, a second more computer intensive program, which treats all elastic scattering events individually and employs best available differential scattering distribution data, was also applied to this prob- 
